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Quantum sensors: applications

� Telecommunications 
� Security (Detection of metals)
� Magnetometry in biological systems 

(Non-contact measurements of magnetic fields associated with nerve and muscle activity)

� Geo-magnetic field and magnetic field in sea 
� Magnetic field in urban area

(E.g. a network of GPS synchronized with flux-gate magnetometers 100 pT/Sqrt(Hz) sensitivity was used to 
study the magnetic environment of city of Berkley)

� Magnetometry in space 
(Atomic vapor based magnetometers are used in spacecraft by NASA to study Planetary and interplanetary 
exploration)

� Magnetometry at accelerator facilities 
(g-2 experiment at Fermilab to precisely measure the anomalous magnetic moment of muon)

� Fundamental physics 
(Search for axion-induced oscillating electric dipole moment of electron)



Magnetometry in biological system

https://www.science.org/doi/epdf/10.1126/sciadv.aba8792
R. Zhang et al. Recording brain activities in unshielded Earth’s field with optically pumped atomic magnetometer,
Science Advances, 6 : eaba8792 12 June 2020

https://www.science.org/doi/epdf/10.1126/sciadv.aba8792
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Rydberg atoms Rydberg states: large n

Johannes Rydberg (1854 - 1919)



Rydberg atoms as microwave sensor

The video file to be attached to this slide.



Rydberg atom sensor for EM radiation (DC - THz): basic principle
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Rydberg atom sensor for EM radiation (DC - THz): basic principle



Standard antennas with detector Vs. Rydberg atom sensor 

V/S

1 Calibration is necessary Calibration is not necessary

2 Bandwidth of the antenna limited by size Broadband (Does not depend on the frequency)

3 Metallic structure modifies microwave Doesn’t modify the microwave field to be detected 

4 Issue with accuracy and stability Accurate, stable, and reproducible

5 It cannot be used as traceable standard Rydberg atoms can be used as traceable standard 



Rydberg atom sensor

▪ Sensitivity achieved by standard spectrum analyzer ~  -160 dBm/Hz
▪ Fundamental limit due to thermal noise ~ -171 dBm/Hz 
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Four-photon excitation scheme for Rydberg excitation

Sensitivity ~ -175 dBm/Hz can be achieved. 
The proposed sensor has potential to surpass the fundamental limit (by 
standard spectrum analyzer) ~   -171 dBm/Hz. 
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Magnetic field 
sensor



RF magnetic field induced Zeeman coherence



RF magnetic field induced Zeeman coherence



RF magnetic field induced Zeeman coherence



Sensitivity and dynamic range of the magnetometer

1) Sensitivity ~ 70 fT/Sqrt(Hz)     2) Dynamic range ~ 1012

3) Arbitrary frequency resolution (limited by the measurement devices)



Cold atom set up for sensitive magnetometer



Cold atom for sensitive magnetometer

T ~ 10 µK
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